Background: Many successful therapies developed for human medicine involve animal experimentation.
138
Data were then subjected to further integrity checks. An important step was to make a plot of data versus 139 time together with descriptive statistics for all data points in the grouped data. At the time of data processing, 140 the "Descriptive Statistics" tool of Microsoft® Excel 2010 (Microsoft Corporation) did not complete analysis 141 with missing values. Therefore, the data to be analysed were selected and then the "GoTo" tool (F5) was 142 used, and "Special", "Blanks", and thereafter, "OK" were selected to identify blanks. The blanks were deleted 143 by positioning the cursor in the blank cell and using the space bar to clear the cell (the "Delete" or 144 "Backspace" keys did not remove the blanks).
145
After artefact removal and integrity checks, data for individual sheep were placed into six categories: 
160
To meet the second objective, data from the groups, uninjured/treated and injured/treated groups were 161 analysed. The means, medians and standard deviations of the weights of the sheep, where applicable, were 162 tabulated. The physiological parameters of the groups were charted and compared against each other using 163 one-way analysis of variance (ANOVA), where appropriate. Parameters between groups were compared 164 using a paired two-tailed t-test. All p-values were two-sided and p < 0.05 was considered statistically 165 significant. All statistical calculations were performed using GraphPad PRISM 6 software (GraphPad 
169
The biodata of the sheep that were used in the current analysis are presented in Table 1 . The weights of the 170 uninjured/treated sheep, unlike the injured/treated group, did not pass the D'Agostino-Pearson omnibus 171 normality test; however, there was no significant difference in the weights of the sheep between groups.
Ventilation

173
All animals were intubated and received mechanical ventilation as previously described [1] . Briefly, the initial 174 ventilator tidal volume was set to approximately 10 mL/kg with a respiratory rate of 15 breaths/min, positive 175 end expiratory pressure (PEEP) of 5 cm H 2 O, and an initial F i O 2 (fraction of inspired oxygen) of 1.0. These 176 settings were then titrated based on arterial blood gas results. A low tidal volume, high PEEP strategy was 177 used to minimise ventilator-induced lung injury.
178
Pulmonary compliance decreased in all of the sheep during the course of the experiments, with the 179 injured/treated (SE24H) animals having the most severe and drastic decrease followed by the 180 uninjured/treated (E24H), injured/untreated (SC24) and placebo/untreated (C24) sheep in that order ( Figure   181 7). There was a significant difference (p = 0.0013) in pulmonary compliance between uninjured/treated and 182 injured/treated groups. The injured/treated sheep had consistently lower SpO 2 compared with the other 183 groups, but there was no significant difference in SpO 2 readings between the groups. There was an initial 184 increase in etCO 2 followed by a rapid decrease that lessened 15 minutes after the start of treatment. The 185 etCO 2 of the injured sheep continued to trend downward and plateaued in the uninjured groups. There was a 186 significant difference (p = 0.0147) in etCO 2 between the uninjured/treated and injured/treated groups.
188
Blood gases (arterial samples)
189
Blood pH varied between the groups. The placebo/untreated sheep had the highest pH while the 190 injured/treated group had the lowest. There was a significant difference in pH between the uninjured/treated 191 and injured/treated groups (p = 0.0343).
192
The pCO 2 in all but the uninjured/treated sheep increased initially before plummeting sharply,
193
forming a shallow trough corresponding to 1 hour after the start of treatment, followed by a slight increase 194 before stabilising in all sheep.
195
There was a gradual decrease in pO 2 in the treated groups of sheep from baseline before 196 decreasing dramatically at the start of treatment with the injured sheep having the most profound decrease 197 ( Figure 8 ). However, there was no significant difference in pO 2 between the uninjured/treated and 198 injured/treated groups.
199
Haemoglobin [Hb] concentration decreased slightly from baseline before gradually increasing in the 200 injured sheep and remained relatively constant over time in the uninjured sheep. There was a significant 201 difference in [Hb] between the uninjured/treated and injured/treated (p = 0.0131) groups.
202
The fraction of oxyhaemoglobin (FO 2 Hb) decreased sharply with the lowest reading at 5 minutes 203 post-injury before returning to near baseline levels within an hour of starting treatment. The injured/treated 204 sheep had a considerably deeper trough in FO 2 Hb level and there was a significant difference (p = 0.046) 205 between troughs. There was no change in FO 2 Hb for the uninjured sheep.
206
The fraction of carboxyhaemoglobin (FCOHb) increased sharply from baseline, peaking at 207 approximately 5 minutes post-injury and decreased sharply thereafter to the start of treatment before 208 gradually returning to near baseline levels at approximately 6 hours post-start of treatment in the injured 209 sheep. The injured/treated sheep had a higher peak FCOHb than the injured/untreated sheep, although the 210 difference was not significant. There was no change in FCOHb for the uninjured sheep.
211
The fraction of methaemoglobin (MetHb) increased gradually from baseline, peaking at 212 approximately 5 minutes post-injury and then gradually decreased to the start of treatment. This was 213 followed by a gradual return to near baseline levels at approximately 6 hours post-start of treatment in the 
219
The blood sodium concentration [Na + ] was relatively stable and there were no significant differences 220 between groups.
221
There was an initial decrease in the blood calcium [Ca 2+ ] level, with the lowest point at approximately 222 1 hour past the start of treatment before levelling out thereafter in all groups. There was a significant 223 difference in [Ca 2+ ] between the uninjured/treated and the injured/treated groups (p = 0.0001). The 
226
Blood chloride [Cl -] levels remained stable compared with baseline levels during the initial stages 227 and then increased gradually thereafter.
228
The blood potassium concentration [K + ] initially decreased compared with baseline levels, reaching a 229 minimum concentration 1 hour after starting treatment and then gradually increased with a peak at 230 approximately 12 hours post-treatment start in all experimental groups. Although the injured/untreated and 231 injured/treated sheep had higher [K + ] than the uninjured sheep, the differences were not significant.
232
Overall, the anion gap decreased gradually, reaching a relatively gentle slope at approximately 6 233 hours from the start of treatment and did not change significantly, thereafter. There was a gradual decrease 234 in anion gap from baseline during the course of the experiments and there was no significant difference in 235 anion gap between the uninjured/treated and injured/treated groups.
237
Metabolites
238
Although there was an increase in blood glucose level [Glu] for the injured/treated sheep after 6 hours of 239 treatment, the change was not significant.
240
There was an initial decrease in lactate levels [Lac] 6 hours after the start of treatment, followed by a 241 gradual increase for the injured sheep, especially for the injured/treated group. There was no significant 242 difference in [Lac] between the treated groups.
244
Acid-base balance
245
There was an increase in the blood base levels [Base (ecf)] that peaked 1 hour post-treatment, followed by a 246 gradual decrease in the untreated group. [Base (ecf)] in the treated groups remained at baseline levels to 1 247 hour post-start of treatment, before decreasing markedly in the injured/treated sheep. There was a significant 248 difference (p = 0.0257) in [Base (ecf)] between the uninjured/treated and injured/treated groups.
249
Blood bicarbonate concentrations [HCO 3 -] increased initially in the untreated groups before 250 decreasing gradually; however, levels remained higher compared with the treated sheep.
252
Haemodynamics
253
There was a gradual decrease in heart rate (HR) during the course of the experiments, with the 254 placebo/untreated groups maintaining a higher HR compared with the injured/untreated, injured/treated, and 255 uninjured/treated groups early in the experiments. There was no significant difference in HR between the 256 uninjured/treated and injured/treated groups.
257
The mean arterial blood pressure (MAP) decreased early in the experiments before subsequently 258 increasing gradually, peaking at approximately the treatment start time point, before gradually decreasing 259 again in all but the placebo/untreated sheep. The injured/treated groups had a consistently lower MAP 260 compared with the other groups and there was a significant difference in MAP (p = 0.0058) between the 261 uninjured/treated and injured/treated groups.
262
The mean pulmonary artery pressure (MPAP) increased gradually, with the injured/treated group 263 having a consistently higher MPAP. There was no significant difference in MPAP between the 264 uninjured/treated and injured/treated groups.
265
There was an initial, subtle increase in central venous pressure ( 
272
Except for the placebo/untreated group, there was a decrease in continuous cardiac output (CCO) 273 from baseline to approximately 1 hour post-start of treatment. There was a significant difference (p = 0.0009)
274
in CCO between the uninjured/treated and injured/treated groups with CCO in the treated groups increasing 275 sharply before plateauing, especially in the uninjured/treated group. There was also a subsequent gradual 276 decrease in CCO in the injured/treated group.
277
Stroke volume (SV) began to increase 1 hour from the start of treatment for all groups, except for the 278 injured/untreated group where levels remained relatively constant. SV in the injured/treated group began to 279 decrease after 6 hours of treatment, while SV in the uninjured/treated and placebo/untreated sheep 280 increased steadily before decreasing or levelling out after 12 hours or more of treatment. There were no 281 significant differences in SV between.
282
Stroke volume index (SVI) began to increase 1 hour after of the start of treatment for all groups, 283 except for the injured/untreated group, for which SVI remained relatively constant. SVI in the injured/treated 284 group began to decrease after 6 hours of treatment while SVI in the uninjured/treated and placebo/untreated 285 groups increased before subsequently decreasing or levelling out after 12 hours or more of treatment. There
286
were no significant differences in SVI between groups.
287
While the cardiac index (CI) of the uninjured/treated and placebo/untreated groups remained 288 relatively close to baseline levels, CI the injured/treated and injured/untreated groups declined gradually over 289 the course of the experiments.
290
After an initial increase in systemic vascular resistance index (SVRI) to approximately 1 hour after 291 the start of treatment, SVRI began to decrease in all experimental groups before plateauing after 12 hours of 292 treatment followed by a gentle increasing trend until the end of the experiments. SVRI in the injured/treated 293 group was consistently below that of the other groups during treatment while that of the injured/untreated 294 group was correspondingly higher. There was no significant difference in SVRI between the groups.
295
Pulmonary vascular resistance index (PVRI) remained close to baseline levels for all of the groups 296 until 1 hour after the start of treatment when that of the injured groups progressively increased while that of 297 the uninjured groups remained lower with a subtle decrease to 6 hours post-treatment. PVRI in the 298 placebo/untreated sheep remained near baseline levels and the lowest throughout the course of the 299 experiment.
300
After a small peak corresponding to the start of treatment, right ventricular stroke work index 301 (RVSWI) in the uninjured sheep gradually increased while that of the injured sheep decreased. There was a 302 significant difference (p = 0.0196) in RVSWI gap between the uninjured/treated and injured/treated groups.
303
RVSWI in the placebo/untreated group remained high while that of the injured/treated group was consistently 304 the lowest.
305
Left ventricular stroke work index (LVSWI) gradually increased in the uninjured/treated and 306 placebo/untreated groups, before plateauing after 12 and 18 hours of treatment, respectively, while LVSWI in 307 the injured/untreated and injured/treated groups of sheep decreased before plateauing at 12 hours and 308 trending upward after 18 hours of treatment. LVSWI in the placebo/untreated group remained consistently 309 higher than in the other groups while that of the injured/treated group was consistently the lowest.
310
Following a decrease in the coronary perfusion pressure (CPP) from baseline in the smoke-injured 311 sheep, there was a subsequent increase in this parameter prior to a sustained decrease at 18 hours of 312 treatment, followed by another increase. There was a significant difference in CPP (p = 0.0018) between the 313 uninjured/treated and injured/treated groups and CCP in the placebo/untreated sheep remained relatively 314 stable after an initial, subtle increase.
315
There was an initial subtle decrease in arterial oxygen content (C a O 2 ) from baseline in all groups 316 before a sustained increase in the injured/untreated group, a steady level in the placebo/untreated sheep,
317
and a sharp trough in the injured/treated and uninjured/treated groups. Following the trough, the C a O 2 of the 318 injured/treated group gradually returned to baseline levels while that of the uninjured/treated group continued 319 on a downward trend. There was a significant difference (p < 0.0085) in C a O 2 between the uninjured/treated 320 and injured/treated groups.
321
There was a slight decrease in the oxygen delivery index (DO 2 I) in all groups to 1 hour of treatment 322 before a further marked decrease, except for the placebo/untreated sheep. There was a significant 323 difference (p = 0.0013) in DO 2 I between the uninjured/treated and injured/treated groups. The injured/treated 324 group had the lowest DO 2 I compared with the other groups while the placebo/untreated sheep maintained 325 the highest DO 2 I profile.
326
The oxygen extraction index (O 2 EI) decreased in all groups before plateauing at approximately 6 327 hours after the start of treatment. There was a significant difference (p = 0.0247) in O 2 EI between the 328 injured/treated and uninjured/treated groups. O 2 EI in the injured/treated and injured/untreated groups was 329 consistently lower and higher, respectively, compared with those of the other groups. 
336
The injured/untreated and injured/treated groups produced the least and most urine on average,
337
respectively. There was no significant difference in urine output between the uninjured/treated and 338 injured/treated groups.
340
Anaesthetics
341
There was a significant difference (p < 0.0001) in the amount of alfaxalone required between the 342 uninjured/treated and injured/treated groups. The uninjured/treated group required more alfaxalone on 343 average and the injured/untreated group required the least amount on average. Ketamine requirements 344 differed between groups, with the injured/untreated group requiring the highest amount on average and the 345 injured/treated group requiring the least. There was no significant difference in the quantities of ketamine 346 required between the uninjured/treated and injured/treated groups but significant differences in midazolam 347 requirements occurred between the uninjured/treated and injured/treated groups (p = 0.0067).
349
Anticoagulation
350
There were no significant differences in heparin infusion doses between the uninjured/treated and 351 injured/treated sheep. Heparin requirements for the placebo/untreated group were the lowest. Activated There were significant differences in the ECLS pump speed, blood flow, and pressure differential between 358 the uninjured/treated and injured/treated groups. Pump speed, blood flow, and pressure differential were 359 significantly different (p = 0.0022), (p = 0.0095) and (p = 0.0041), respectively, between the two groups 360 receiving ECLS. These parameters in the uninjured/treated group were consistently higher than those of the 361 injured/treated group.
363
Body temperature
364
Body temperature in the untreated groups gradually increased from baseline levels and plateaued at 365 approximately 6 hours after starting treatment, and remained higher than for the treated groups. There was 366 no significant difference in body temperature between the treated groups. suggested that the sheep may have hyperventilated, the causes of which were evaluated with respect to 379 reactive oxygen species or superoxide dismutase activity by a team from the source study [15, 16] .
380
The relatively low blood pH in the injured/treated sheep suggested that the sheep tended to 381 metabolic acidosis as the same group of animals also had low etCO 2 . This also means that there was no 
385
The treatment of the sheep contributed to lung injury by causing deterioration of pO 2 . The low pO 2 386 translated to low partial arterial oxygen pressure/inspired oxygen fraction (PaO 2 /FiO 2 ) ratio, which was much 387 worse in the injured sheep. This finding showed that ECLS contributed to the deterioration of the PaO 2 /FiO 2 388 ratio in the injured/treated group of sheep, a novel finding that was also unexpected in the primary study.
389
The relatively higher levels of [Hb] in the injured sheep suggested that these animals could have 390 been dehydrated secondary to excessive fluid loss from inflammation and increased vascular permeability
391
[17] despite intravenous fluid replacement. However, blood total protein and albumin levels, better predictors 392 of dehydration in sheep [18], were not measured.
393
The inverse decrease in FO 2 Hb relative to FCOHb following smoke injury was expected and agreed 394 with other studies [17, 19, 20] 
410
Although normal [Glu] in ruminants is usually lower than for other species, its relative progressive 411 increase in the injured sheep may have been related to stress and severe pain associated with injury or the 412 development of enterotoxaemia [29, 30] . The relative increase in [Lac] beyond the reported normal range of 413 1-2 mmol/L in the injured sheep suggested dehydration, trauma, and sepsis [31] . Sepsis, in particular, is a 414 concern with sub-optimal rumen function leading to loss of its buffer effect and increasing numbers of 415 anaerobic bacteria with prolonged hypomotility, such as occurs during long-duration anaesthesia. Therefore,
416
the increases in both [Glu] and [Lac] are consistent with severe injury.
417
The elevated [Base (ecf)] above +2 mmol/L for most of the first 12 hours in the placebo/untreated 418 and injured/untreated sheep suggested that the sheep were metabolically alkalotic [29] before returning to 419 normal levels. The relatively low [Base (ecf)] (less than −2 mmol/L) was consistent with HCO 3 loss and the 420 tendency to metabolic acidosis [29] in the injured/treated sheep. The marked decrease in in the 421 injured sheep was consistent with metabolic acidosis and was more severe in the injured/treated group,
422
suggesting that ECLS was a contributing factor.
423
The resting HR of sheep is 50-80 beats/min [22] . In a study that instrumented conscious sheep, the 424 baseline heart rate was registered as 106 ± 9 beats/min [32] . In the present report, all of the sheep had a 425 relatively high HR, suggesting that stress and pain were contributing factors. The gradual decrease in HR 426 during the course of the experiments was consistent with the effects of anaesthesia [22] .
427
In sheep, a mean arterial pressure below 60 mmHg indicates inadequate tissue perfusion [22] .
428
Although the MAP values in the injured sheep were lower than for the uninjured, MAP values were still within 429 the published normal value of 70 mmHg [22] ; the magnitude of injury was again a predictor of how low the 430 MAP was. Another predictor for the severity of the injury was the mean pulmonary artery pressure, which 431 was highest for the injured/treated sheep. The baseline values for MPAP were higher than the 17 ± 1 mmHg 432 reported in another study using sheep [32] . The baseline CVP in all of the sheep in the present report was > 433 10 mmHg, which was much higher than the 5.5 ± 1.2 mmHg reported elsewhere [32] in instrumented 434 conscious sheep and a novel finding in this study. The severity of injury and treatment contributed to the 435 CVP elevations in this study.
436
There was a benefit of ECLS treatment for SvO 2 as it remained high for both the injured/treated and 437 uninjured treated groups. The consistently low SvO 2 in the injured/untreated group was expected because of 438 the slightly reduced cardiac output in this group; however, this level of SvO 2 was still higher than that 439 reported in other studies [32] . Smoke injury was associated with a sustained decrease in cardiac output in all 440 of the sheep that were exposed to smoke. 
447
The reduction in coronary perfusion pressure in the injured/treated, and to a certain extent the 448 uninjured/ treated sheep, suggested that ECLS contributed to the decrease in CPP, in addition to smoke 449 injury. CPP is an indicator of myocardial perfusion and has been proposed as a drug target during 450 resuscitation [36] . The observations in the present study support the suggestion that CPP could be used to 451 predict the severity of injury in sheep.
452
The apparent increase in CaO 2 in the injured sheep could have been due to the relative increase in
453
[Hb] secondary to dehydration. The low DO 2 I in the injured/treated and uninjured/treated groups suggested 454 that ECLS had a contribution, in addition to smoke, based on the relatively higher DO 2 I in the 455 injured/untreated sheep. Interestingly, the O 2 EI had a comparable profile to that of the PaO 2 /FiO 2 ratio, and 456 could also be used to predict the contribution of ECLS to smoke-related injury.
457
The smoke-injured sheep required considerable amounts of intravenous fluids to compensate for the 458 losses from pulmonary exudation and inflammation [17, 19] . The mean urine production in all groups was 459 marginally lower than the published normal of 1.2 mL/h [22] but still considered to be within the acceptable 
463
The reduction in the ECLS pump speed, flow, and the pressure differential could have resulted from 464 systemic hypotension contributing to low amounts of blood to the pump. The ECLS was configured such that 465 the centrifugal pump pulled blood from the inferior vena cava and returned it into the right atrium; therefore, if 466 the circulating volume was low, the flow would decrease for a given pump speed and in this case, both rpm 
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(injured/untreated); C24H=Sheep subjected to room air injury as a control for smoke and monitored for 24 722 hours without ECLS (placebo/untreated).
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